Letter to the Editor

A numerical method for the calculation of the time constant of exponential functions
Sir; -Many biological and physical processes are described by exponential functions which can be characterised by calculation of a time constant, T . In many cases time constants are calculated erroneously without due reference to the nature of the exponential function itself. The following general analysis was stimulated by requests from several people to calculate values of T from a variety of data and is useful for all data sets when one does not have access to a curve fitting program. Equation (1) is a declining exponential function characterised by two parameters, the magnitude, A, and time constant, T; and two variables, say time, t, and output, y(t):
The magnitude, A, is the value of y(t) at t=O, representing a vertical scaling factor. The time constant, T , is the time taken for the function to diminish to about 37% (I/e) of a previous value. Different rates of decline in various situations may therefore be compared from calculation of T during these conditions. Calculation of T in the case of the simple example given above can be done by transforming the equation to a logarithmic form as in equation (2) -this is a straight line, with gradient -I/T and intercept on the y(t) axis equal to log,A:
An implicit assumption of such an analysis is that at large values of t the function tends to zero (ie, y(t)+O as t+m). If the function tends to a different value, say C, equation ( Only one plot (C=O.O) can be described by a straight line and is equivalent to equation (2). The slope of the line has a value of -2 and the intercept a value of 0.693 (=log,2), corresponding to A=2 and ~=0.5. Thus, the analysis shows that unless the asymptote (the value as t+w) of an exponential function is known it is not possible to perform a semilogarithmic transformation on the data to calculate the time constant. It would therefore be desirable to be able to calculate the time constant of an exponential process if the asymptotic value is unknown.
The following analysis presents a numerical method for achieving such an objective. It is required that three values of y(t) are known at times tl, t2, and t3 (see fig IA) . When ti, t2, and t3 are equally spaced, a simple solution is obtained (equation 10 below), whereas when the points are not equally spaced a more complex solution results (equation 9 below). Thus whenever possible, experimental design should be directed towards equal spacing of test intervals. The analysis below finds greater value, however, when equal spacing is not possible, as for example when myocardium is randomly stimulated and resulting function is analysed. 
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